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1. INTRODUCTION

3. DATA

The impact of extremely pollution episodes on health has been analysed by a large number of studies
conducted in different countries and cities, showing that particulate matter pollution (PM10) can cause
an abrupt increase in mortality.

• Pollutant measurement points (Period 2006-2015)
PM10 data from Catalan Air Pollution Monitoring and Forecasting Network (XVPCA)

2. OBJECTIVES

• Observed data (period 1871-2015):
SLP, T850 and Z500 anomalies from 20th Century Reanalysis V2 project.

• The aim of this study is to analyse the influence of synoptic and local atmospheric patterns on PM10
(particulate matter of 10 micrometres or less) pollution levels in Barcelona over the 2006-2095
period.
• An air pollution episode is defined as a day with levels of PM10 greater than 40 µg/m3.

•Control simulated data (Period: 1961-2005) + Future simulated data (2006-2095):
Max Planck Institute Earth system model → atmosphere model ECHAM6 was used to study two
scenarios (RCP 4.5 and RCP 8.5) during the 21st century

4. METHODOLOGY
4.2 MULTIVARIATE ANALYSIS

4.1 CALIBRATION MODEL

QUANTILE–QUANTILE MAPPING
TRANSFORMATION
The idea of distribution mapping is to correct the
distribution function of RCM-simulated climate
values to agree with the observed distribution
function.

TRANSFER FUNCTION TO SHIFT THE
OCCURRENCE DISTRIBUTIONS
Gamma distribution with shape parameter α
and scale parameter β

Cumulative Distribution Functions (CDFs) were
constructed for both the observed and the
simulated climate variables in 1961–1989
period and validated in 1990-2005 period

ALGORITHM (Amengual et al., 2012)
1)The procedure consists on calculating the
changes, quantile by quantile, in the CDFs of
daily RCM outputs between a 30-yr control
period (1961-1989), 15-yr validation period
(1990-2005) and successive 15-yr future time
slices after 2005.
2)These changes are rescaled on the basis of
the observed CDF for the same control
period, and then added, quantile by quantile,
to these observations to obtain new calibrated
future CDFs that convey the climate change
signal.

4.3 RECLASSIFICATION

A multivariate analysis (MVA) integrating different
atmospheric levels (sea level pressure, temperature
at 850 hPa and geopotential at 500 hPa) was
undertaken (Peña et al., 2015)

Reclassification periods:
2006-2015 
Model corrected
Reclassification variable:
T850 anomalies corrected by the latitude
(aT850latcor).
Reclassification method:
1)Pearson’s Correlation Coefficient (r)
between aT850latcor patterns calculated
in the calibrated period and all days of
the reclassification periods from the
reclassification variable.
2)Error sum of squares

3)The thresholds for both parameters (r
and SSE) are adjusted in the calibration
period.

Where: ith ranked value pi (projected or future
calibrated), oi (control observed or baseline), sci
(raw control simulated), and sfi (raw future
simulated) of the corresponding CDFs.

4)The adjusted parameters are applied to
future period

Map legend: lines are SLP in hPa; contours are T850 anomalies in °C

5. RESULTS
5.1 OBSERVED PERIOD (2006-2015)

5.2 CONTROL PERIOD (2006-2015)
• There is a good correspondence between the synoptic patterns identified from the observed data
and the synoptic patterns identified from the simulated data, corrected from the control period
(2006-2015).
• Highlight that the warm cells in the simulated synoptic patterns are more intense than in the
observed patterns.
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• In the observed period (2006-2015), 594 episodes have been detected.
• The MVA applied to these episodes distinguish ten main synoptic patterns related to a quasistationary Atlantic anticyclone.
• Three synoptic patterns out of the ten patterns defined in the observed period account for nearly the
70% of the pollutant episodes related to seasonal variability: a mild pattern in spring, a cold pattern
in winter and a warm pattern in summer.

5.3 SIMULATION PERIOD (2006-2095)
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6. CONCLUSIONS
•
•

•
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Synoptic patterns related to atmospheric pollution episodes in Catalonia are characterized by atmospheric
stability as a consequence of the associated subsidence that causes inhibition of cloud formation.
The 21st century will be characterized by an increase in the synoptic situations that may cause episodes of
pollution in Catalonia, which will intensify as a result of the decrease in cloudiness and the increase in
temperature
The simulations in the two emission scenarios by the period 2006-2100 certify an augment of the synoptic
situations that are susceptible to produce atmospheric pollution episodes.

Trend S.XXI – RCP 4.5

Trend S.XXI – RCP 8.5

References
Amengual A., Homar V., Romero R., Alonso S., Ramis C. (2012): A statistical adjustment of regional
climate model outputs to local scales: application to Platja de Palma, Spain. Journal of Climate, 25:939957
Peña J.C., Aran M., Raso J.M., Pérez-Zanón, N. (2015): Principal sequence pattern analysis of episodes
of excess mortality due to heat in the Barcelona metropolitan area. Int J Biometeorol, 59:435–446
This project is supported by the Barcelona city council and the public company Barcelona Regional
as one of the strategies to evaluate vulnerabilities to Climate Change.

